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INTRODUCTION

It {s now generally accepted that computer
simulation analysis using thermal-network type of
mathemat ical representations of the emergy flows Is
an accurate method of predlcting the performance of
passive salar bulldings., The analysis Is generally
done using hourly snlar and weather data. This {s
fine If the designer has the computer, the
rapabllity, and the inclination to take this
approach. But even under the best of clrcumstances
It {s costly and time consuming. Mnst designers ask
far simpler techniques which are amenahle tn
analysis using hand calculators In which estimates
can be generated In a few minutes. Correlatlion
techniques have emerged 3s 3 reasnnabhle procedure
which meet these requirements and glve reavsonab.e
accuracy.

CORRFLATION METHODS

In a correlatinon techrique one neeky to relate
the results i~ terms of one or mare correlating
parameters (generally dlmenslanless),  Success o
much more likely {f the correlating parameters
chnsen preserve “ome egaence 9° the averall physins
Javerning the prergy balances. The f-chart
technique, wh!sh wan develnped 7t the unlversity af
Wlsenns{n tar active snlar systems, {4 an example 0f
1 cnrrelatinn tecty finque. In thig case twd
carrelat [n3 parameters were used.  Ingependent [y,
researchers at the Las Alamay Selent] €ic Labnratory
develnprd the Snalar Load Ratln methnd (SLR methot)
which utilizes ane enrrelating parameter.

Tragse twn methodds, have twn thing, In cramman,
They bnth use manthly weather data to prenict
manthly perfarmarce, A manth hay heen Fagyad tn e A
part leularly eonvenient time {nterva!, belny lany
annuoh that «tatistical variatinny temd o average
nut sAmewhat and whort emnugh sn that the basls
wrather statistics are statinmary. Furthermare,
nly might tn twelve calculatiang are reogirea {n
nrder ta prediet annyal performance, The predlet (on
nf manthly perfarmance leads ta rejatively high
standard errors (« A%, typlcally) bul annual
pearformance {4 predicted with a standar ! error of
mly + ™, typleally. This {4 perfectly wicquate far
desfan purpaues, being slgnlficantly lea, than the
vear-tn-year variat ion which can br anticipated,

A secnnd comman feature of hnth b =chart snd the
SIR technique {4 that the carrelat iony are done
using "data" devi:loped from hour-by-hour computer
simulatinng,  In the case nf Fochart, the TRN;YS
corie was employed and far the SR correlat Ionsy the

LASL SOLAR code was employed (these codes have been
shown to glve essentially loentical results). Thus
the correlation techniques are a secona-generatlon
analytical proceaure, intendeg Lo give reasonably
good correspondence with the almulation anaiysis.
Their results are Intrinsically no better than thaue
abtainea from simulatlions. The correlation
technigues, however, are at leasl two orders of
magnitude easler to use In terms of the computing
power and the computing time reyulreu.

THE SOLAR LOAD RATIU TECHNIQUE APPLIcu TO PALHive
SYSTEMS

The SLR methou hds been appiled estensive.y Lo @
varlety of passive systemu, A gltterent carredation
[+ requlrea far cauwn aifterent type of pasuive
system.  Thus €ar, direct ygaln, Trombe wd.., water
wall, and sunspace contlyurat lons have been
studled.  The resuuts are belng falrly wlae., useu
within the passive solar aeslygn community. Irw
methad {4 the basls for the design technlgues
gdescribea in the DUE Passive bolar Deslgn Hanauoow,
voiume 11, Passive Solar beslgn Anaiyuiu.s A
varlety of hand heid cdlcuidtar dnd microcomp.tul
rout ines have been written uslng the methodaing, .
The 5LR method depends nn the uuse af g ulng.r
correlating parameter (S5LR) ocflined a4y foloowa:

OLLR 2 (s2lar gbuorved) vnet refelence ddd

Ay mentiodned, tne corte.ation time Ly ane mangn
v that each af the parameters [o the abhve egudt Lan
dare far g one mnth petlag, Hoth the numet ator ang
genomindgtor of SR are [0 energy unfts o ko {tee, !
Io dlmenuianiess.  Physicas.y T reoaten the mntng,
salar eneryy dvaliabie to the byilging ta the net
170 which wauld be expet lenced by a comadt e
bullding without the paustve salar eiement,

e parameter which {y correlatea s the soat
savings fraction, b, aefineg 4y faliow.:

S - L = Gausddlary) oot feference D

The definition of the termy wued In these two
relationg L Important, bot 1t s oot the parpone
here to discans this fn getal,, The vatlous term.
Are deflordg o the Paasadve solat Destgn Handboon
where the gistinet fony hetween varioos wayy of
eutimating load are dlucussed.  The key polot 1y
that the solar saving, fraction iy Intended to
tdent {fy the savings due te adaing o part lealat
passive socar element on g bullding,  The et

WWArk prrTntmed gndet the auspices af Uy 4,5, Depattaent of trorgy, UfYfce of Holar Appilcat bone,



reference load 1s the heatirg requirements of a
comparable non-solar bullding, that 1s, a building
which is otherwise identical but without the passive
solar element. Presumably the solar element would
be replaced with a normal wall with the normal
complement of windows.

In developing the correlatlons, a functional
form was used which allows the selection of four
different coefflclents. These were adjusted in
order to obtaln a least-square error in the annual
snlar savings fraction.

Typlcally the correlations are done using
hour-by-hour calculaticns from many different clties
with four different values of bullding load
coefflcient In eech clity. This gives a reasonably
diverse ensemhie of data points. The standard
deviation of the erraor in prediction of solar
savings fraction, compared to the hour-by-hour
simulatlons, is typlecally about 3 to 4%.

REFFENCE DESIGNS

The hour-by-hour simulatinns which are used as
the basls far the correlatinng are done with a
detalled madel af the bullding In which all af the
di fferent design parameters are specifled. The nnly
deslgn parameter whi~h [s chanjed is the ratin of
the alazing area tn tne butlding load coefflzient of
the bulldina (the Load Cnllectar Ratin, LCR).
Tynically about four different values of LCR were
chanen 9 that the coarrelat !9n should adequate!l,
reflect varlationu In this key parameter.

The cnrrelat {ang dn mat allnw the designer tna
estimatr performan.e varlations due tn change: 1n
any 2f the many nther deaign parameters.  Thys the
earrelat iang relate anly to the reference deslgn
uspd In the «imylat {nne,

In arder ta aversame this d41Ff{culty,
sensitivity calculat iang have heen dane uslng the
baur=hy=haue simglatisn codes. The procedure s 1o
perfarm a serire 2F year-long wimglationg for
Al fferpnt values af one nf the deulgn parameter:,
hnlding all other parameters at the reference
level. These rewultsu are generally presented [n
araphiral fnorm and allow the designer tno seer the
rffrct of changlng one partizular deslgn parameter.
™is procedure {u Fatlawed far each AF the di fferemt

wian parameters, A major part ot the Pauulve
“atar Dealgn Haordbnnk fs taken up with such
santitivity studies for the direct galn and thermal
slragr wall wystems,

It {s rertalnly passible that one could 1e=on
the entire carrelat lon procadure for dl fferemt
valups Af deslan parameters §n otrder to wtudy the
e’ fact nn the onrrelat ian cutvesn of changing that
parametor.  Thiu has genecally eot been done becaue
ft wayld be Incredibly tedinuy ang require an
unreasnrahle amount of coampater time,

ATTACHID SUNSPACES

In A racent publication? MeFarland and Jone.
have qlven correlat inny, for attached sunapace:n.
These results Indicater that a sloping glazing (about
S0 deqress) fo mogch more effective than vertical,
that heating performance In Impraved by using opague
Insylated ond wally rather than glazed end wallw,
and that nve,all performance {n heat ing the attached
bullding iy very comparabie tn that af o Trombe wall,

SSF

ESTIMATE OF ANNUAL SSF

As an example of the correlation results, the
following graphs give the simulation results (Fig.
1) and correlation accuracy (Fig. 2) far one
referance design. the case of an attached sunspace
with sloping glazing (50 degrees), masonry thermal
storage between sunspace ang house, Opague ena
walls, and no night insulation.
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More recent rewsites, an yet anpabii e,
fndicate even better pertormance tor o
"wemf-enclosed” sunspace, that Ly, 4 geomety in
which the houne wips afoutd The sunaphee cne ol
the eant dnvd went e, Thils geometny prosbaes the
highest performance of all passbve socat geometpices
studied 1o date by LAY,



PER-ORMANCE TABLES FOR PARTICULAR LOCATIONS

Since the correlation curves are developed using
weather data from a variety o1 different locations,
these curves can be used In locatlons which have a
climate type encompassed by the original grouping of
citles. However, an annual calar savings fraction
calculation involves summing up the results of
twelie morthly calculations. For a particular city
the resulcs depend only on the ratio of bullding
1nad to cnllector area (LCR), on the system type,
and on the t~=oerature base used in the calculatlon
of the degree days. Thus It 1s possible to make up
tables for a particular clty which relate the solar
savings fraction to the LCR for the varlous systems,
assuming one particular base temperature. These
tahles could be re-done for various base
temperatures. These tables are much easier to use
than the SLR correlations.

LCR tables have heen made up for 216 different
1ncet fons In the U.S. and southern Canada based oan
the SOLMET weather data. These are publishea in the
Passive Solar Design Handbook, Appendix F, for
direct gain and thermal storage wa'l systems. These
tahles form the basis of a simplified design
pracedure described in the Handbook.

A5 an alternative to presenting the SSF results
In terms of LCR, many people have expressen a
preference for us!ng the reciprocal, cnllectar leoac
ratia, OLR = 1/LCR, as the Independent parameter.
Flg. 3 shows the performance of 4 attached sunspdce
ont1ans {n Dodge Mty plotted vs CLR (sq ft-00/Btu)
shaw!ng the comparison between the resuils 2f hourly
simylat {ans (snlld curves) and the ectimates using
the SLR carrelat itns (dashed curves), The grometr,
'y, the rame A, far Figs, ! and 2, with T,E. for
'~ lated mnd wally and G.E. far glazed eng wall.
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1, ¢, Comparlann 2 simulat lon and correlat inn
results far an attached syrspace In
Cuycdge Clty,

MIXED) SYSTIMS

The carrelat ions have all heen done for u single
uwystem type sych as direct gain or Trombe wall, The
results shaow that the different systems terd tn
behave {n very similar fashion with ane notab'e

T — M 1J
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exception -- direct gain without night lnsulation.
There 1s, however, a very markeda difference belwaen
the performance of all three system types oepending
on whether night insulation is employeo or not. A
curve has been develnped which provides a
methodology for dealing with night insulat!on other
than the value R9 used in the reference vesi;n.
This curve is Fig. E-7 in the Passive Solar Design
Handbook.

A simple methooc logy hes been oceveiopea for
deallng with mixed systems. The technique treats
the house bullding loda coefflclent as 1f it were
divided into two portions In the same ratio au the
relative glazing arcas of the two passlve system
types. This amounts to the simple ausumption that
evch of the system Lypes serves a portion of the
.0ad with no exchange of heat across an imaglndry
boundary within the house. Norma.ly one wdu.d
expect that transfers which do take place woui
beneficla) and cherefore the caiculatlony basec on
this assumption mignt be somewhat conservative.
There have been ro hawurly computur simu.atlony
performed to getermire the exact oeygree af thwe
uvnderestinate.

in the meant'me It woula seem O be Quitw
reasonable tn deal wilth mixed usystems uuing thu
methodolagy deucribrd in the Pausive S0.dr veuign
Handbook.

PERFORMANCE. VARIATIUN Db TU LIVING HALITS

All af the simulation andiyses used (9 duwedd;
tne correlations are bBased on d bulliling whicnh .
uwsted In a very speclflc and reguidr manner.  Toe
duxllidry heatlng thermostat s dastuomed ta e oot dt
& partlcular flxed evel (Jenerd.ly 65 F), A U F
floating bang s assumeu, IF the temperdlole in the
house exceeds the thermautal set'ing !y more than .a
then [t ls asuamed thal the gacess enerdy 1w ventes
50 au Lo malntaln the temperalutie iesy than 0 el
to the upper setting,  Tnl. enery, (o Mot wtoreg an)
1o therefore laut.

It §s well known gt toe manner [ wil o Ui
house {4 aperdated great oy offects the ener g,
conwumpt lon.  Tne thermostat setting fa1 euslalary
heat s by far the rost Importent effect. Thy
shows up clearily In the wenuitivity and.yses. Fut
example, o thermiutat setting of U F wnlon g 2ot
corresporg ta o egree day base temperaton af o eh by
acrounting b fyr the eflect 7 Interna,
Jgeneratlon) mignt rowclt Inoan ausiulany heating
requirement af B¢ mliilo” Wluyea: Tt g W ug Mt
house In Onuge Clty, Ranua.. Tl Lu 4 hagwe
defugne s Tar B wngAl savings Pract lon othe eaamye
pravlem {n the Paunlve bSoldr Deslgn Hantaoe, . 1Y
tor thermautat were set at 7% B instedd, the
auxllidry heat ing wouldg e lac2 milLlon ota; or, 1!
the thermostat was Wt at 60 F, the gunlalary wat
nerted wauld be dinut 2.7 millinn Bty yeat.

Therefate, {0 Inteiproting the rewuits from
monitared tutldings, ar In predacting thw
performance of new bulldgings, ome must o2 very
careful to speclfy the eperat ing condlt lons,

Other cperat iny chatacteristlcs of the house Cdn
aluo bie fmpartant, such as, 1) 1f movable [nsulat lon
lu pravided for the house, then It 1y Impariant to
kenw how {t 1 aperdted, 2) o famiiy with many small
children may expericence latger infiltrdtion auz to
miltiple anor openings, 3) a4 house with goorwdys



conrecting between the living areas and a sunspace
might be much more comfortable 1f some attention is

zld to the appropriate opening and closing of these
ors.

DECIDING BETWEEN CONSERVATION AND PASSIVE SOLAR
OPTIONS

Every good passive solar designer knows that
energy conservation must be a cornerstone of the
bullding design. But at some point the trade-off
be{ ween additlonal energy conservation and passive
snlar nollection aperture must be addressed. 1f a
handy method is avallable for estimatling
performance, then this trade-off can be done in an
analytical way. For example, 1f the correlation
techniques can be incorporated into a hand held
calculator ar microcomputer routine, then the
designer can obtain very quick turn-around in the
ralculations, and the trade-off between conservation
and snlar options can be easily and quickly
assessed,

A simple technlque has been developed which can
he used ta determine the opt imum m;’x bet ween
conservat {on and solar strategles.’ In order to
nhtain an answer, the cost characteristics of both
the passive solar aperture and the energy
conservat ion features are needed. Thls Informatior
will generally be In the form of the cost per R per
sq ft foar the wall and celling Insulation, the cost
per additinnal glazing for windows, the cost of
reducing Infiltration (including the cost o* aading
an alr-to-alr heat recovery unit {f nceded) and also
the cnst por sq ft far the passive snlar cnllectinn
aperture. Glven this Information the method
orovides simple eguat lony which can he used to trace
Nt the nptimmemix ling Tor a partinular locale.
Thin will pravide Infomatinn to the das!gner early
in the desian process ta serve as a guide In the
decision makinn,

CONTLUSTONS

Carrnlat Inn mathads af predict jon have
adva-tages 0 greatly simpllfying the time and

complexity of performance predictions but are
severely constrained in the number of varlables
which cen be considered. Thelr accuracy 1s
generally adequate for design purposes pravioed they
are applled to bulldings which correspond reasanably
closely to the reference designs usea in developing
the correlations. The most simplifiea correilation
procedures (such as the SLR method) are amenabie Lo
use with hand calculators, expeclally if
pre-calculated tables are avallable corresponding Ld
the weather data for the locatlon of interest. when
reporting the results of these calculatlions, the
designer should be especially careful to specify tne
range of valldity of the analysls, especlally as
pertains to both operating characteristlcs ano
design parameters.

Correlation techniques are especlally amenabie
to use In microcomputer routines which can be usea
in a desijn offlce. Very qulck answers can be
obtalned ouring the schematic design and aeuljn
development phases of a bullaing ta ald In geclulng
bet ween differenl deslign options. This wauiu
include trage-aoffs betwecn various conservatlon
options and passive solar options.
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